T was 43.2 % (reciprocal 66.7 %). Phenotypic and phylogenetic characteristics clearly distinguished strain RB-62
T from recognized species of the genus Herbiconiux. Based on data from the present polyphasic study, strain RB-62 T is considered to represent a novel species of the genus Herbiconiux, for which the name Herbiconiux moechotypicola sp. nov. is proposed. The type strain is RB-62 T (5KCTC 19653
The genus Herbiconiux was proposed based on the description of several strains of phyllosphere bacteria and the reclassification of 'Leifsonia ginsengi' (Behrendt et al., 2011) . Members of the genus Herbiconiux are characterized by MK-11 as the major menaquinone, glycine, alanine, threo-3-hydroxyglutamic acid, D-2,4-diaminobutyric acid and L-2, 4-diaminobutyric acid in the peptidoglycan, and the fatty acid cyclohexyl-C 17 : 0 (Behrendt et al., 2011) .
A symbiotic relationship has been reported between some insects and their gut bacteria (Breznak, 1982; Chen & Purcell, 1997) , and the digestion of wood constituents such as cellulose, xylan, lignin and pectin has been suggested to be catalysed by digestive enzymes produced by symbiotic micro-organisms dwelling in the guts of insects (Brune & Friedrich, 2000; Suh et al., 2003) .
Adult hairy long-horned toad beetles of the genus Moechotypa are known to eat the leaves or bark of trees. In a study of gut micro-organisms which degrade the constituents of plants, a large number of exo-enzyme-producing bacteria were reported from the guts of Moechotypa diphysis (Pascoe) (Park et al., 2007) . Among the isolates degrading xylan, strain RB-62 T was identified as belonging to the genus Herbiconiux based on 16S rRNA gene sequence comparisons. However, the isolate was clearly distinguishable from recognized Herbiconiux species. Therefore, the taxonomic position of strain RB-62 T was examined further by means of a polyphasic analysis.
Strain RB-62
T was isolated as a pure culture from gut samples by plating serial dilutions onto R2A agar plates (BD). The isolate was stored at 4 u C or in a glycerol solution (20 %, v/v) at 270 uC until use. The stored cells were cultivated aerobically on R2A agar at 25 u C for 3 days and then used to determine the physiological characteristics. Nutrient agar (NA; BD) and trypticase soy agar (TSA; BD) were also used for growth. Gram staining was conducted by using a Difco Gram stain set. Oxidase activity was determined by using an oxidase reagent (bioMérieux) and catalase activity was detected by the production of oxygen bubbles after placing drops of 3 % (v/v) H 2 O 2 on cultures growing on a TSA plate. The morphology and size of cells were examined by phase-contrast microscopy with a Nikon Optiphot-2 light microscope and an LEO 1455VP scanning electron microscope. Cells were cultured in pH-adjusted trypticase soy broth (TSB; BD) (pH 4.0-9.0 in 0.5 unit increments) at 25 u C for 7 days to determine the pH range for growth, on TSA at 4-65 u C for 7 days to determine the optimum growth temperature, and in the presence of 1-6 % (w/v) NaCl (1 % intervals) for 7 days at 25 u C to determine tolerance to NaCl in TSB. Growth was evaluated by measuring the optical density at 595 nm by using a microplate reader (Bio-Rad). Starch hydrolysis was determined on TSA plates containing 0.2 % (w/v) starch, with Lugol's iodine used for detection. Hydrolysis of xylan was assessed on TSA plates supplemented with 0.5 % (w/v) xylan; after incubation, plates were stained with 0.2 % aqueous Congo red dye solution and washed with 1 M NaCl solution to observe the clear zone. For determination of pectin hydrolysis, the isolate was cultured on TSA plates containing 0.3 % (w/v) citric pectin, after which the plate was flooded with a solution of 1 % n-hexadecyltrimethylammonium bromide. Lipase activity was tested with a culture on an NA plate containing 2.5 % (v/w) olive oil and 0.001 % (w/w) rhodamine B and observed under UV light. Motility was tested by culturing the isolates in TSA medium that contained 0.4 % (w/v) agar. API 20NE and API 50 CHB test strips (bioMérieux) were used to analyse the biochemical and physiological traits and sugar fermentation patterns of the bacterial strains according to the manufacturer's instructions. GN2 MicroPlates (Biolog) containing 95 different carbon compounds were used to assess substrate oxidation.
Reference strain Herbiconiux ginsengi wged11 T (5KCTC 19440 T ) was obtained from the Korean Collection for Type Cultures for comparison of phenotypic characteristics.
Cells that had been cultured on TSA at 25 u C for 3 days were used to extract cellular fatty acids and isoprenoid quinones. Fatty acid methyl esters of strain T and H. ginsengi wged11 T were extracted after saponification and methylation of the cells according to the standard protocol of the MIDI/Hewlett Packard Microbial Identification System (Sasser, 1990) , analysed by using a gas chromatograph (model 6890N; Agilent) and identified by using the Microbial Identification Sherlock software package (TSBA6 library, version 6; MIDI Inc.). Isoprenoid quinone profiles were examined by HPLC (Hiraishi et al., 1996) . Cell-wall amino acids were analysed by twodimensional TLC on cellulose plates by using the solvent systems described by Schleifer & Kandler (1972) . Cellwall sugars were identified by TLC (Staneck & Roberts, 1974) .
Genomic DNA was extracted according to the method described by Sambrook & Russell (2001) . The G+C content of the genomic DNA was determined by using the HPLC method described by Mesbah et al. (1989) . Briefly, chromosomal DNA was hydrolysed into nucleosides with nuclease P1 and alkaline phosphatase. The resultant nucleosides were then analysed by HPLC by using a reversed-phase column (Supelcosil LC-18S; Supelco). Escherichia coli KCTC 2441
T was used as a reference strain for analysis of DNA G+C content. Levels of DNA-DNA relatedness between strain RB-62
T and H. ginsengi wged11 T were determined according to the method of Ezaki et al. (1989) . Hybridization was performed on microplates with photobiotin-labelled DNA at 53 u C for 6 h.
The phylogenetic relationships of strain RB-62 T were inferred based on 16S rRNA gene sequences. The 16S rRNA gene of strain T was amplified by PCR by using universal primers 27F and 1492R described by Lane (1991) . Sequencing of the amplified gene was performed with an ABI prism BigDye Terminator Cycle Sequencing Ready Reaction kit v.3.1 and an ABI 3730xl DNA Analyser (Applied Biosystems) at SolGent Co., Republic of Korea. Following sequence analysis of the amplified 16S rRNA gene, the sequences were compiled with SeqMan software (DNASTAR). The 16S rRNA gene sequence of the new isolate was then compared with available 16S rRNA gene sequences from GenBank by using the BLAST program (http://blast. ncbi.nlm.nih.gov/Blast.cgi) and the EzTaxon server (Chun et al., 2007) to determine its phylogenetic affiliation. The 16S rRNA gene sequences of strain T and of closely related type strains were aligned by using the CLUSTAL X program (Thompson et al., 1997) . Phylogenetic trees were reconstructed with the neighbour-joining, maximum-parsimony and Fitch-Margoliash methods implemented in the PHYLIP package (Felsenstein, 2005) . Topologies of the phylogenetic trees were evaluated by bootstrap analysis based on 1000 resamplings (Felsenstein, 1985) .
Cells of strain RB-62
T were coccobacilli, usually occurring in pairs. Single cells were 0.5-0.6 mm in diameter and 0.6-1.0 mm long (see Supplementary Fig. S1 available in IJSEM Online). Strain RB-62
T was Gram-stain-positive, non-motile, oxidase-negative, catalase-positive and aerobic. Growth of strain RB-62 T occurred at pH 5.0-8.5 and at 15-30 u C. Growth did not occur below 10 u C or above 37 u C, or below pH 4.0 or above pH 9.0. The strain was capable of growth in TSB media containing 0-6 % (w/v) NaCl. Colonies in R2A medium were cream-coloured, convex and round. The isolate hydrolysed starch and xylan, but not pectin. In addition, strain RB-62 T was positive for b-galactosidase, but negative for urease, arginine dihydrolase and gas production from glucose. Differential physiological properties between strain RB-62 T and the type strains of H. ginsengi and Herbiconiux solani are shown in Table 1 . Additional phenotypic characteristics of strain T are presented in the species description below. Fig. 1 . Strain RB-62 T was associated with the genus Herbiconiux; however, it could be clearly discriminated from the type strains of the two (Wayne et al., 1987) ; the level of DNA-DNA relatedness between strain RB-62 T and H. ginsengi wged11 T was 43.2 % (reciprocal 66.7 %).
The DNA G+C content of strain RB-62 T was 70.3 mol%. The principal cellular fatty acids of strain RB-62 T grown on TSA were anteiso-C 15 : 0 (34.6 %), anteiso-C 17 : 0 (29.8 %), iso-C 16 : 0 (17.0 %) and cyclohexyl-C 17 : 0 (11.4 %). Strain RB-62
T and H. ginsengi wged11 T contain summed feature 8, representing C 18 : 1 v7c and/or C 18 : 1 v6c. However, Qiu et al. (2007) reported that C 18 : 1 v7c, the major fatty acid of H. ginsengi wged11 T , represented in the MIDI Sherlock system was actually cyclohexyl-C 17 : 0 according to GC-MS. In the present study, summed feature 8 (which is regarded as cyclohexyl-C 17 : 0 ) comprised 44.36 and 11.45 % of the total fatty acids from H. ginsengi wged11 T and strain RB-62 T , respectively. Cyclohexyl-C 17 : 0 was reported as a distinguishing fatty acid of the genus Herbiconiux among members of the family Microbacteriaceae that have 2,4-diaminobutyric acid as the diagnostic diamino acid in the cell wall (Behrendt et al., 2011) . The fatty acid profile of strain RB-62 T clearly differed from those of H. ginsengi and H. solani (Supplementary Table S1 ). 2,4-Diaminobutyric acid was the diagnostic diamino acid in the cell-wall peptidoglycan of strain RB-62 T . The predominant isoprenoid quinone of strain RB-62 T was MK-11 (77.1 %). MK-10 (11.7 %) and MK-12 (11.2 %) were also detected. The characteristic menaquinones of the genus Herbiconiux are MK-11 as the major component with MK-10 as a minor component (Behrendt et al., 2011) . Rhamnose, ribose, glucose and mannose were present as cell-wall sugars. The presence of 2,4-diaminobutyric acid in the cell-wall peptidoglycan, menaquinone profile and presence of cyclohexyl-C 17 : 0 in strain T are in agreement with the description of the genus Herbiconiux.
On the basis of the data presented, strain RB-62 T should be recognized as representing a novel species of the genus Herbiconiux, for which the name Herbiconiux moechotypicola sp. nov. is proposed.
Description of Herbiconiux moechotypicola sp. nov.
Herbiconiux moechotypicola [moe.cho.ty.pi9co.la. N.L. n. Moechotypa taken from the genus name of an insect belonging to the Coleoptera; L. suff., n. -cola (from L. n. incola) inhabitant; N.L. masc. n. moechotypicola inhabitant of Moechotypa diphysis].
Cells are Gram-stain-positive, catalase-positive, oxidasenegative, aerobic and non-motile. Single cells are short rods, measuring 0.5-0.660.6-1.0 mm. Colonies grown on R2A agar are cream-coloured, convex and round. Growth occurs at 15-30 u C on TSA medium, with optimum growth occurring at 25 u C. Cells grow in the presence of 0-6 % (w/v) NaCl and at pH 5.0-8.5. Hydrolyses olive oil, starch and xylan, but not gelatin or pectin. In the API 20NE 
L-pyroglutamic acid, L-serine, putrescine, 2,3-butanediol, adenosine, 29-deoxyadenosine, inosine, thymidine, uridine, adenosine 59-monophosphate, thymidine 59-monophosphate, uridine 59-monophosphate, D-fructose 6-phosphate, a-D-glucose 1-phosphate, D-glucose 6-phosphate and DL-aglycerol phosphate. Cells contain anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and cyclohexyl-C 17 : 0 as the predominant cellular fatty acids and rhamnose, ribose, glucose and mannose as cell-wall sugars. The diamino acid in the cellwall peptidoglycan is 2,4-diaminobutyric acid. The predominant quinone is MK-11; MK-10 and MK-12 are present as minor components. The G+C content of the genomic DNA of the type strain is 70.3 mol%.
The type strain, RB-62 T (5KCTC 19653 T 5JCM 16117 T ), was isolated from the gut of hairy long-horned toad beetles. Microbacteriaceae. The tree is based on an alignment of 1341 nt. Filled circles indicate that the corresponding branches were also recovered in the trees generated with the FitchMargoliash and maximum-parsimony methods.
Open circles indicate that the corresponding branches were also recovered in the trees generated with the Fitch-Margoliash or maximum-parsimony method. The tree was rooted with Bacillus subtilis subsp. subtilis NBRC 13719 T , and bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at nodes. GenBank accession numbers of the 16S rRNA gene sequences are given in parentheses. Bar, 0.1 substitutions per nucleotide position.
